US009337198B2
a2y United States Patent (10) Patent No.: US 9.337.198 B2
Kwon et al. 45) Date of Patent: May 10, 2016
(54) SEMICONDUCTOR DEVICE AND METHOD (58) Field of Classification Search
OF MANUFACTURING THE SAME CPC oo, HO1L, 27/11526; HO1L 27/11529:
| | | HO1L 27/11531; HO1L 27/11548; HO1L
(71) Applicant: SK hynix Inc., Icheon-s1 (KR) 27/11573; HO1L 27/11575; HO1L 27/11578:

HOIL 27/11582; HO1L 27/11556; HOIL

(72) Inventors: Oh Chul Kwon, Seongnam-si (KR); Ki 27/0688: G11C 5/025

Hong Lee, Suwon-s1 (KR); Seung Ho

Pyi. Seongnam-si (KR) USPC ... 257/314, 324, 326, 331, E29.309,
Y 8 257/E21.423, E21.679; 438/257, 261
(73) Assignee: SK hynix Inc., Icheon-si (KR) See application file for complete search history.
(*) Notice: Subject to any disclaimer, the term of this (56) References Cited
patent Z’({;‘;ﬁeg g;yidlus'[ed under 33 U.S. PATENT DOCUMENTS
6,753,239 Bl 6/2004 Conn
(21) Appl. No.: 13/735,761 2002/0025604 Al*  2/2002 Tiwari ..........ccooccccovv..... 438/118
2009/0108318 Al* 4/2009 Yoonetal. .................... 257/306
(22) Filed: Jan. 7, 2013 2009/0121271 Al1* 5/2009 Sonetal. ............... 257/315
2009/0141547 Al* 6/2009 Immetal. ....................... 365/163
: ' o 2010/0327453 Al* 12/2010 Kim ......cooooeeiiiiiinnnnnn, 257/773
(63) Prior Publication Data 2011/0169072 Al*  7/2011 Limetal. ..cccccooeeorrrroo. 257/329
S 2014/0061750 Al Mar 6 2014 2011/0291176 Al1* 12/2011 Leeetal. ...................... 257/324
j 2011/0309431 Al1* 12/2011 Kidohetal. ... 257/324
: T . e 2012/0032250 Al1* 2/2012 Sonetal. ...........ccee 257/324
(30) Foreign Application Priority Data 2012/0273865 Al* 11/2012 TLeeetal. ..o 257/316
Aug. 31,2012 (KR) oo, 10-2012-0096464 * cited by examiner
(51) Int.CL Primary Examiner — Fernando L Toledo
HOIL 29/76 (2006-O;~) Assistant Examiner — Aaron Gray
gg;i ;iﬁ 37;25 88828; (74) Attorney, Agent, or Firm — Kilpatrick Townsend &
T Stockton LLP
HOIL 27/105 (2006.01) el
HOIL 27/115 (2006.02) (57) ABRSTRACT
GI1IC 5/02 (2006.01)
HO1L 27/06 (2006.01) A semiconductor memory device includes a first substrate on
G11C 5/06 (2006.01) which a cell region 1s defined. In the cell region, memory cells
(52) U.S. CL are stacked. A second substrate 1s located above the first
CPC ............ HOIL 27/1052 (2013.01); G11C 5/025  substrate, and a peripheral region is defined on the second

(2013.01); G11C 5/063 (2013.01); HOIL substrate. One or more conductive lines are located 1n the

27/0688 (2013.01);, HOIL 27/11526 (2013.01); peripheral region. The one or more lines extend through the
HOIL 27/11529 (2013.01);, HOIL 27/11531 second substrate and couple to the cell region.
(2013.01); HOIL 27/11556 (2013.01); HOIL
27/11573 (2013.01); HOIL 27/11582 (2013.01) 17 Claims, 18 Drawing Sheets

P

PERI

i r s S s Al
Sl B A EET T

I

h
L e "’"""""'--—-m

Iy
b o |
i i e i R e ] ___24




U.S. Patent May 10, 2016 Sheet 1 of 18 US 9,337,198 B2

3 2
— - m
17 ] I‘ ) |PERI
L P e et | B
14 =t
i I I
I CEL
A= il wil
S 1ol LLLALLLL AL LTS LT AL AT L R R
1—E 77



U.S. Patent May 10, 2016 Sheet 2 of 18 US 9,337,198 B2

A R 12
o l “f_,______x :
2 | B
i 10000
CTl
2 0 B =
oh — -] ==
A VA S VLSS
21 o o | o s |
Al el
s | | s |
1 AH o
T2
o 21
20
D T 32
-—~—a0B|\
g
130
+——30A ]




U.S. Patent

BL

C12
L,

a6
&)

4

May 10, 2016

Sheet 3 of 18

US 9,337,198 B2

J0A

by

HEXENENENESERIINEND

5

W3

1
ISR stcasossses SRR
Y oo S

ISP,

TOTOINTIPY.

I
£ [

N i |

PP PP PP SIoeeNi

O

i
g
A i, 2
[rivipunity.

74 }22

d
l



US 9,337,198 B2

Sheet 4 of 18

May 10, 2016

U.S. Patent

11G. 2D

= =
I B — —
oy ey, 2 - _ 22
S8y o B = S B d= s
,; I R W VL)) ) )
) :..m # « \ T _p
7 N
. ] B ”
\ =— =
\ =— =TI
1 — II ”
. — E— = INNNNNER
Y TNINNARN AR
NEN | NENINES
- INNNNNNAEN]
NN NNBENNNNR
—
N N

iz

30
CT4

s

by sk ey fehbir b e il hhhbh et Y e e Y mhbble ddrinee Y bbbl sk drhhr  Ahir bbb heYer b b et bl e eYe reihbe b A rbhbke i A el e e bl el

Je

-
2

o
-

I _ )
P O LY N NENESESENEY NN

o BN

82 ES T

.
N MMNNNNNMMNE
SENENENERENENENENEND
NANENESRMENENENENESR
N B D ?f_r..ﬂ-r W’
mmm-m-u-m-m-mnw-m-muu
NENESECENENENENESENE

sl

&5

T~
%E

L




U.S. Patent May 10, 2016 Sheet 5 of 18 US 9,337,198 B2

(T3

44 46"’
” 6"
: 4 0
: fl 7777 A4l "
Z ﬂ 77 i 0 |
—
CELL | 777 A

PERI

© &

B R W
PETIIIErrIrr i al |
I— 42

(12 1 (Tt



U.S. Patent May 10, 2016 Sheet 6 of 18 US 9,337,198 B2

BL 12
N
54 é -
S| ' f
Tl
o6
55
Y
Ch
)
LSS 54
28
| 59
H
o 51
50



U.S. Patent May 10, 2016 Sheet 7 of 18 US 9,337,198 B2

G, 4D

60
6l —
. uaoaL -
g L o
58 '
i UL
N
56 |y | ) —
55 % Fd RV yrrrs ‘
Al 2772
7 - EE—
|| |l e
- |
7 T VT 5
ﬁ e L LA !
1
Z rrersarrerresel| CTl
. A ——
3 Z s ssssssssseal|
. ZAN
% WITET I I T I TI I o
-"‘ i 7 R
A ~~1— 5]
: 8B
e
1~ 524
@M - hi
50




U.S. Patent May 10, 2016 Sheet 8 of 18 US 9,337,198 B2

[4
T ] ] —/ _
65 |
ll 7" m
'I'r{m —
1 Ny YNy Ry | -
50—t ~mOCNS
i :
524 r
52{525 I 5
1 — T |
\Moooororrrrrrrrraa b - Al
oo o~ |l
R orrrrrrrse —~ 7|l
N\ v vl 1 |
\ oo b b - E
. HE FHE—55
| iEne
—~h
l (Tl
L1 . I’ - T
[2 +B.
+— 58
+— 6
~+— 60




US 9,337,198 B2

. oA

May 10, 2016 Sheet 9 of 18

U.S. Patent

i

L)
Mssrvied
L gm
oo |

. L. A, .

5_CH

CH

. A

i



U.S. Patent May 10, 2016 Sheet 10 of 18

G, 9B

\ .’///////f/

RN

.......,,,,,V.Q

ZANNNNEN

b D)D) /.
[/ L)) L)) L)) [0 /
)/ L)/ L)) L)) [ [
[/ LI/ L)) L)) Lo /_

el
HHX



US 9,337,198 B2

5 =
—— J_ N
£y N NN AN N N N AN AN
NN . \
\

,//O, RN

DY,

Sheet 11 of 18

\ J

tG. o€
P

U.S. Patent



US 9,337,198 B2

Sheet 12 of 18

May 10, 2016

U.S. Patent

i1G. oD

AN

bi»
\}

e

;;;;;

IR




U.S. Patent May 10, 2016 Sheet 13 of 18 US 9,337,198 B2

PG, bA
N7
T
we [ // i
-

ez d s

MC[ A |

L
FIG. b H
712
13
we| Al WA

-
we| 27|\ | |22

Wl (27 % M

MG, 6C

717273
\d
el M III Al
o // [ IIIV/

<2 -




U.S. Patent

May 10, 2016 Sheet 14 of 18

FG. 60

n T

o TN NEZ
Mc[ NN

MC[ NZZS
R

73

US 9,337,198 B2



US 9,337,198 B2

Sheet 15 0f 18

May 10, 2016

U.S. Patent

G, A

I

|

N

\§

e
\.
A

¥,

)

O
N

(11

NAWANN

) !

o O\

7Y X

.\

\\ MU\ NRAN
W TS &R

W XY

> N\
AN .N/&

N
/&

AY AN A AY AN

bamasl jessssl  bmasi 0 aasl  esssd) 0 sssl ssss)

SUB

6. 7B

I

I




U.S. Patent May 10, 2016 Sheet 16 of 18 US 9,337,198 B2




U.S. Patent May 10, 2016 Sheet 17 of 18 US 9,337,198 B2




U.S. Patent May 10, 2016 Sheet 18 of 18 US 9,337,198 B2

11,

100

120

E
!
i
é
E
| Nonvolatile
i Memory
Host ;
:
E
i
:
| 200
260 /
240
210
oll o112
(P ‘”""T”""”"T“T”T”_”F/"””“““fz"”“f"f""”"7/“"”1
Memory Nonvolatile
)l Controller Memory
|
240 ol



US 9,337,198 B2

1

SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priornity to Korean patent
application number 10-2012-0096464 filed on Aug. 31,2012,
in the Korean Intellectual Property Office, the entire disclo-
sure of which 1s incorporated by reference herein.

BACKGROUND

1. Technical Field

Various embodiments relate generally to a semiconductor
device and a method of manufacturing the same and, more
particularly, to a semiconductor device including a stacked
body and a method of manufacturing the same.

2. Related Art

A non-volatile memory device retains data stored therein
even when not powered. Two-dimensional memory devices
in which memory cells are fabricated 1n a single layer over a
substrate have reached physical limits 1n increasing their
degree of integration. Accordingly, three-dimensional (3D)
non-volatile memory devices 1n which memory cells are
stacked 1n a vertical direction over a substrate have been
proposed.

A 3D non-volatile memory device includes a cell region
where memory cells are stacked and a peripheral region out-
side the cell region where circuitry configured to interface
with the memory cells 1s formed. In other words, since the cell
region and the peripheral region are defined on a single sub-
strate, the 3D non-volatile memory device 1s limited 1n
increasing its integration degree.

BRIEF SUMMARY

An embodiment of the present invention relates to a semi-
conductor device with increased degree of integration and a
method of manufacturing the same.

A semiconductor memory device according to an embodi-
ment of the present invention may include a first substrate on
which a cell region 1s defined. The cell region includes
memory cells that are stacked. A second substrate 1s located
above the first substrate. A peripheral region 1s defined on the
second substrate. The peripheral region includes conductive
lines that extend through the second substrate and are coupled
to the cell region.

A semiconductor device according to another embodiment
of the present mvention may include a first substrate that 1in
turn mcludes a cell region defined on a rear surface thereof
and a peripheral region defined on a top surface thereof. A
second substrate 1s formed under the cell region. The periph-
eral region includes one or more conductive lines that extend
through the first substrate and are coupled to the cell region.

A method of manufacturing a semiconductor device
according to yet another embodiment of the present invention
may include forming at least one stacked structure on a first
substrate; forming a first interlayer insulating layer on the first
substrate on which the at least one stacked structure 1s
formed; forming a second substrate on the first interlayer
insulating layer; and forming at least one transistor on the
second substrate.

A method of manufacturing a semiconductor device
according to still another embodiment of the present mven-
tion may 1nclude forming at least one stacked structure on a
first surface of a first substrate; forming a first interlayer
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2

insulating layer on the first surface of the first substrate on
which the at least one stacked structure 1s formed; forming a
second substrate on the first interlayer insulating layer; form-
ing at least one transistor on a second surface of the first
substrate; and forming a second interlayer insulating layer on
the second surface of the first substrate on which the at least
one transistor 1s formed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a structure of a semi-
conductor device according to a first embodiment of the
present invention;

FIGS. 2A to 2D are cross-sectional views 1llustrating a
process flow exemplilying a method of manufacturing a
semiconductor device according to the first embodiment of
the present invention;

FIG. 3 1s a cross-sectional view of a structure of a semi-
conductor device according to a second embodiment of the
present invention;

FIGS. 4A to 4C are cross-sectional views 1llustrating a
process flow exemplilying a method of manufacturing a
semiconductor device according to the second embodiment
of the present invention;

FIGS. 5A to 5D are perspective views of stacked structures
according to various embodiments of the present invention;

FIGS. 6A to 6E are cross-sectional views ol memory cell
structures that can be integrated with the semiconductor
devices according to various embodiments of the present
invention;

FIG. 7A 15 a perspective view of stacked structures accord-
ing to an embodiment of the present invention, and FIG. 7B 1s
a cross-sectional views of drain selection transistor.

FIGS. 8A to 8C are perspective views of stacked structures
according to an embodiment of the present invention.

FIG. 9 1s a block diagram showing the configuration of a
memory system according to an embodiment of the present
imnvention; and

FIG. 10 1s a block diagram showing the configuration of a
computing system according to an embodiment of the present
invention.

DETAILED DESCRIPTION

Hereinaftter, various embodiments of the present disclosure
will be described in detail with reference to the accompanying,
drawings. In the drawings, a thicknesses and a distance of
components are exaggerated compared to an actual physical
thickness and interval for convenience of illustration. In the
tollowing description, detailed explanation of known related
functions and constitutions may be omitted to avoid unnec-
essarily obscuring the subject manner of the present mven-
tion. Like reference numerals refer to like elements through-
out the specification and drawings.

It should be readily understood that the meaning of “on”
and “over” 1n the present disclosure should be interpreted 1n
the broadest manner such that “on” not only means “directly
on” something but also includes the meaning of “on” some-
thing with an intermediate feature or a layer therebetween,
and that “over” not only means the meaning of “over” some-
thing but may also include the meaning 1t 1s “over’” something
with no intermediate feature or layer therebetween (1.e.,
directly on something).

FIG. 1 15 a cross-sectional view of a structure of a semi-
conductor device according a first embodiment of the present
ivention.



US 9,337,198 B2

3

As illustrated 1n FIG. 1, the semiconductor device accord-
ing to the first embodiment includes a first substrate 10, a
second substrate 14 located over the first substrate 10, and at
least one line, e.g., a second line L2. A cell region CELL 1n
which memory cells are stacked 1s defined on the first sub-
strate 10. A peripheral region PERI 1s defined on the second
substrate 14. The second line L2 1s located in the peripheral
region PERI. The second line L2 passes through the second
substrate 14 and 1s coupled to the cell region CELL. As can be
seen, the first substrate 10 and the second substrate 14 are
non-contiguous and are positioned along different planes.

The cell region CELL refers to a region where the memory
cells are formed. The peripheral region PERI refers to a
region where transistors configured to provide access to the
memory cells are formed.

In addition, the semiconductor device may further include
a stacked structure ST, a first interlayer msulating layer 13,
one or more transistors Tr and a second interlayer imnsulating
layer 17. The stacked structure ST 1s formed on the first
substrate 10 and includes one or more first material layers 11
and one or more second material layers 12 that are alternately
stacked. The first interlayer insulating layer 13 covers the
stacked structure ST and 1s formed between the first substrate
10 and the second substrate 14. The transistors Tr are formed
on the second substrate 14. The second interlayer insulating
layer 17 1s formed on the second substrate 14 and covers the
transistors 1r.

Each first material layers 11 may be a conductive layer
such as a polysilicon layer or a tungsten layer, or a semicon-
ductor layer. Each second material layer 12 may be an 1nsu-
lating layer such as an oxide layer. In addition, the stacked
structure ST may have a stepped sidewall as shown 1n FIG. 1.
In this case, a contact region 1s defined along the stepped
sidewall. Though not 1llustrated 1n FIG. 1, the semiconductor
device may further include at least one pillar that vertically
extends through the stacked structure ST. The pillar may be
formed of a semiconductor layer or a conductive layer.

Each transistor Tr includes a gate insulating layer 15
formed on the second substrate 14 and a gate electrode 16
formed on the gate insulating layer 15.

The semiconductor device may further include first contact
plugs C'T1 and first lines 1. Each of the first contact plugs
CT1 1s coupled to a corresponding one of the first material
layers 11 1n the contact region of the stacked structure ST. In
addition, the first lines L1 are coupled to the stacked structure
ST through the first contact plugs C11 and are located under
the second substrate 14.

The semiconductor device may turther include second
contact plugs CT2 and second lines L.2. The second contact
plugs CT2 extend through the second substrate 14 and are
coupled to the first lines LL1. In addition, the second lines 1.2
are coupled to the first lines L1 through the second contact
plugs CT2 and are located above the second substrate 14.

The semiconductor device may further include third con-
tact plugs CT3 and third lines L.3. Each of the third contact
plugs CT3 1s coupled to a corresponding one of the gate
electrodes 16 of the transistors Tr. In addition, the third lines
.3 are coupled to the transistors Tr through the third contact
plugs CT3 and are located above the second substrate 14.

According to the above-described configuration, the sec-

ond substrate 14 on which the peripheral region PERI 1s
defined 1s located above the first substrate 10 on which the cell
region CELL 1s defined, thereby achieving a high degree of
integration.
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4

FIGS. 2A to 2D are cross-sectional views illustrating a
process flow exemplifying a method of manufacturing the
semiconductor device according to the first embodiment of
the present invention.

As 1llustrated 1n FIG. 2 A, a stacked structure ST 1s formed
over a lirst substrate 20. For example, in FIG. 2A, the stacked
structure ST may include channel layers 26 having a U shape.
The stacked structure ST includes a pipe gate 22, one or more
first material layers 23, one or more second material layers 24,
the U-shaped channel layers 26, and memory layers 25 sur-
rounding channel layers 26. The pipe gate 22 1s formed over
the first substrate 20 with an msulating layer 21 interposed
therebetween. The first material layers 23 and the second
maternal layers 24 are alternately stacked over the pipe gate
22. The channel layers 26 include laterally extending pipe
channel layers that are formed in the pipe gate 22, and source
side and drain side channel layers that are coupled to the pipe
channel layers and extend through the first and second mate-
rial layers 23 and 24. The channel layers 26 may comprise
s1licon material, and may form the channel regions of select
transistors located at the upper ends of the U-shaped channel
layers 26, as well as the channel regions of the vertically
stacked memory cells associated with each U-shaped channel
layer 26.

The first material layers 23 comprise conductive layers,
and the second material layers 24 comprise insulating layers.
In addition, at least one of the uppermost first material layers
23 may be configured as a drain or source selection line, and
the rest of the first material layers 23 may be configured as
word lines.

In an alternate embodiment, a central region of each chan-
nel layer 26 may be filled with an insulating layer 27. A first
conductive layer 22A configured as a pipe gate surrounds
bottoms and sides of the pipe channel layers. A first conduc-
tive layer 22B configured as a pipe gate may surround top
surfaces of the pipe channel layers. As shown 1n FIG. 2A, an
insulation-filled slit may be formed between the vertical legs
of each U-shaped channel layer 26. These insulation-filled
slits may vertically extend through the first and second mate-
rial layers 23 and 24, and terminate in the first conductive
layer 22B. According to this structure, a plurality of U-shaped
memory strings may be formed, each including at least one
drain selection transistor located near an upper end of the
U-shaped channel layer 26, a plurality of vertically stacked
memory cells, and at least one source selection transistor
located near an upper end of the U-shaped channel layer 26
opposite from the drain selection transistor.

In addition, the stacked structure ST may have a stepped
sidewall. In this case, the first material layers 23 are exposed
along the stepped sidewall, and a contact region 1s thus
defined along the stepped sidewall of the stacked structure ST.

A first portion of a first interlayer insulating layer 28 1s
formed over the entire structure including the stacked struc-
ture ST. The first portion of the first interlayer insulating layer
28 1s etched to form first contact holes through which the
channel layers 26 and the first material layers 23 are exposed.
The first contact holes are filled with conductive layers to
form first contact plugs CT1.

Subsequently, first lines L1 are formed such that the first
lines L1 may be coupled to the first contact plugs CT1. Atthe
same time, a source line S may also be formed. The source
line SLL may be coupled to the source side of the channel
layers 26.

A second portion of the first interlayer insulating layer 28
1s Tormed, and the second portion of the first interlayer 1nsu-
lating layer 28 1s etched to form second contact holes through
which the first lines L1 and/or the first contact plugs CT1 are




US 9,337,198 B2

S

exposed. After second contact holes are filled with conductive
layers to form second contact plugs C12, second lines L.2 are
formed such that the second lines .2 may be coupled to the
second contact plugs CT2. Here, bit lines BLL may also be
formed at the same time. The bit lines BL are coupled to the
drain side of the channel layers 26 through the first and second
contact plugs CT1 and CT2. Subsequently, a third portion of
the first interlayer insulating layer 28 1s formed over the entire
resultant structure.

As 1llustrated in FIG. 2B, impurities are implanted into a
first surface @ of a second substrate 30 to form an impurity
layer 31. For example, hydrogen 1ons may be implanted into
the second substrate 30 by using an 1on implantation process
so that the impurity layer 31 may be formed at a predeter-
mined depth from a surface thereof.

The second substrate 30 1s thus divided into an upper part
30B and a lower part 30A by the impurity layer 31. The upper
part 30B on the impurity layer 31 1s configured as a channel
layer of a transistor formed 1n subsequent processes. There-
fore, the position of the impurity layer 31 1s determined 1n
accordance with a target thickness of the channel layer. For
example, the impurity layer 31 may be formed at a desired
depth by determining a projected range (Rp) of impurities by
controlling 1on implantation energy and 1on density.

Subsequently, a second interlayer insulating layer 32 1s
tormed on the first surface @ of the second substrate 30. The
second 1nterlayer insulating layer 32 may comprise an mnsu-
lating layer such as an oxide layer.

Asillustrated 1n FIG. 2C, a top surface of the first interlayer
insulating layer 28 of the structure 1n FIG. 2A 1s bonded to a
top surface of the second interlayer insulating layer 32 of the
structure 1n FIG. 2B. For example, the top surface of the first
interlayer insulating layer 28 and the top surface of the second
interlayer isulating layer 32 may undergo hydrophilic treat-
ment by using a cleaning solution. Subsequently, the first
interlayer insulating layer 28 and the second interlayer 1nsu-
lating layer 32 may be bonded to each other 1n a vacuum with
a second surface @ of the second substrate 30 facing
upwards.

As 1llustrated 1n FI1G. 2D, the lower part 30A of the second
substrate 30 1s removed. For example, when a bonded result-
ant structure 1s subject to heat treatment, the upper part 308
and the lower part 30A of the second substrate 30 are sepa-
rated from each other at the boundary of the impurity layer 31.
The lower part 30 A of the second substrate 30 removed from
the resultant structure may be reused.

In an alternate embodiment, the impunity layer 31 (FIG.
2B) 1s not formed. Instead, after the second interlayer nsu-
lating layer 32 1s formed on the first surface @ of the second
substrate 30, the top surface of the first interlayer insulating
layer 28 and the top surface of the second interlayer insulating
layer 32 may be bonded to each other. The rear surface @ of
the second substrate 30 may be planarized by using Chemaical
Mechanical polishing (CMP) so that a portion of the second
substrate 30 may remain.

One or more transistors Tr are formed on the remaining,
portion 30B of the second substrate 30. Each transistor Tr
includes a gate insulating layer 33 formed on the portion 30B
of the second substrate 30 and a gate electrode 34 formed on
the gate msulating layer 33. The process steps for forming
other elements of the transistors (such as source and drain
regions 1n the case of MOS transistors) are well known 1n this
art and thus will not be described.

A third interlayer insulating layer 35 1s formed on the
portion 30B of the second substrate 30 on which the transis-
tors Tr are formed. The third interlayer insulating layer 35, the
portion 30 of the second substrate 30B, the second interlayer
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insulating layer 32 and the first interlayer insulating layer 28
are etched to form third contact holes through which the
second lines L2 are exposed. Other similar contact holes
exposing bitlines B may be formed at the same time. The
third contact holes are filled with conductive layers to form
third contact plugs CT3. The third interlayer insulating layer
35 1s etched to form fourth contact holes through which the
gate electrodes 34 ol the transistors Tr are exposed. The fourth
contact holes are filled with conductive layers to form fourth
contact plugs CT4.

Subsequently, third lines L3 and fourth lines 1.4 are formed
such that the third and fourth lines L3 and .4 may be coupled
to the third and fourth contact plugs CT3 and CT4, respec-
tively.

According to the above-described manufacturing method,
alter a memory cell forming process that requires a high
temperature process 1s performed, transistors in the periph-
eral region PERI are formed. Therefore, when memory cells
are formed, process temperature 1s advantageously not lim-
ited.

FIG. 3 15 a cross-sectional view of a structure of a semi-
conductor device according to a second embodiment of the
present invention. A description of those aspects of the second
embodiment that are the same as the first embodiment 1s
omitted.

As 1llustrated 1n FIG. 3, the semiconductor device accord-
ing to the second embodiment includes a first substrate 40, a
second substrate 47 and at least one line, e.g., a second line
[.2. The first substrate 40 includes a cell region CELL formed
along a first surface @ and a peripheral region PERI formed
along a second surface @ thereot. The second substrate 47 1s
formed under the cell region CELL, and the second line 1.2 1s
formed 1n the peripheral region PERI. The second line L2
extends through the first substrate 40 and 1s coupled to the cell
region CELL. The first surface @ may be arear surface ol the
first substrate 40, and the second surface @ may be a top
surface of the first substrate 40.

In addition, the semiconductor device may further include
a stacked structure ST, a first interlayer insulating layer 43, a
second interlayer insulating layer 44 and one or more transis-
tors Tr. The stacked structure ST 1ncludes one or more first
maternal layers 41 and one or more second material layers that
are formed along the first surface @ of the first substrate 40
and are alternately stacked. The first interlayer insulating
layer 43 covers the stacked structure ST and 1s interposed
between the first substrate 40 and the second substrate 47. The
second interlayer mnsulating layer 44 covers the transistors Tr
and 1s formed on the second surface @ of the first substrate
40. The transistors Tr are formed along the second surface @
of the first substrate 40.

The stacked structure ST may have a top surface contacting,
the first surface @ of the first substrate 40 and gradually
decrease 1 width toward a bottom thereof. For example, the
stacked structure ST may have an inverted stepped sidewall.

Each transistor Tr includes a gate insulating layer 45 that 1s
formed on the second surface é of the first substrate 40 and
a gate electrode 46 that 1s formed on the gate imnsulating layer
45.

The semiconductor device may further include first contact
plugs C'T1 and first lines 1. Each of the first contact plugs
C'T1 1s coupled to a corresponding one of the first material
layers 41 1n a contact region of the stacked structure ST. In
addition, the first lines L1 may be coupled to the stacked
structure ST through the first contact plugs CT1 and are
located under the first substrate 40.

The semiconductor device may further include second
contact plugs C'12 and second lines L.2. The second contact
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plugs CT2 extend through the first substrate 40 and are
coupled to the first lines L1. In addition, the second lines 1.2
are coupled to the first lines .1 through the second contact
plugs CT2 and are located above the first substrate 40.

The semiconductor device may further include third con-
tact plugs CT3 and third lines L.3. Each of the third contact
plugs CT3 i1s coupled to a corresponding one of the gate
electrodes 46 of the transistors Tr. In addition, the third lines
.3 are coupled to the transistors Tr through the third contact
plugs CT3 and are located above the first substrate 40.

According to the above-described structure, unlike con-
ventional semiconductor memories where the peripheral and
the cell regions are formed along the same surface of a sub-
strate, the peripheral region 1s formed along the top surface of
the first substrate 40, and the cell region 1s formed along the
rear surface of the first substrate 40, so that a high degree of
integration 1s achieved.

FIGS. 4A to 4C are cross-sectional views illustrating a
process flow exemplilying a method of manufacturing a
semiconductor device according to the second embodiment
of the present invention. A description of the contents of the
second embodiment, which are the same as those of the first
embodiment, 1s omitted.

As 1llustrated 1in FIG. 4 A, a stacked structure ST 1s formed
along a first surface @ of a first substrate 50. For example, in
FIG. 4A, the stacked structure ST includes U-shaped channel
layers 56. The stacked structure ST further includes a pipe
gate 52, one or more {irst material layers 53, and one or more
second matenal layers 54. The pipe gate 52 1s formed on the
first substrate 50 with an 1nsulating layer 51 interposed ther-
cbetween. The first material layers 53 and the second material
layers 54 are alternately stacked over the pipe gate 52. The
memory layers 55 surround the channel layers 56. A central
region of each channel layer 56 may be filled with an 1nsu-
lating layer 57. The pipe gate 52 may include a first conduc-
tive layer 52 A and a second conductive layer 52B.

Subsequently, a first interlayer insulating layer 58 that cov-
ers the stacked structure ST, and first contact plugs CT1, first
lines L1, a source line SL, second contact plugs C12, second
lines .2 and bit lines BL that are coupled to the stacked
structure ST are formed 1n a similar manner to that described
in connection with FIG. 2A.

As 1llustrated 1n FIG. 4B, a second substrate 60 that
includes a second interlayer insulating layer 61 formed
thereon 1s prepared. A top surface of the first interlayer 1insu-
lating layer 38 and a top surface of the second interlayer
insulating layer 61 are bonded to each other along the dashed
line 1n FI1G. 4B. The second substrate 60 1s used as a support.

As 1illustrated 1in FIG. 4C, a resultant structure 1s turned
upside down with the first substrate 50 on top and the second
substrate 60 on bottom. Subsequently, the second surface @
of the first substrate 50 1s etched so that a portion of the first
substrate 50 having a predetermined thickness may remain.
As described above 1in connection with the first embodiment,
a planarization process such as Chemical Mechanical polish-
ing (CMP) may alternatively be used to remove a portion of
the substrate 50.

Transistors Tr are formed along the second surface @ of
the first substrate 50. Each transistor Tr includes a gate insu-
lating layer 63 and a gate electrode 64.

A third mterlayer insulating layer 635 i1s formed over the
transistors Tr. The third interlayer insulating layer 63, the first
substrate 50, the insulating layer 31, the pipe gate 52 and the
first interlayer msulating layer 38 are etched to form third
contact holes through which the second lines 1.2 are exposed.
The third contact holes are filled with conductive layers to
form third contact plugs CT3. In addition, the third interlayer
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insulating layer 65 1s etched to form fourth contact holes
through which gate electrodes 64 of the transistors Ir are
exposed. The fourth contact holes are filled with conductive
layers to form fourth contact plugs CT4.

Subsequently, third lines L3 and fourth lines 1.4 are formed
so that the third and fourth lines L3 and .4 may be coupled to
the third and fourth contact plugs C'13 and CT4, respectively.

According to the above-described manufacturing method,
alter a memory cell forming process that requires a high
temperature process 1s performed, transistors are formed in
the peripheral region PERI. Therefore, when memory cells
are formed, process temperature 1s advantageously not lim-
ited.

FIGS. SA to 5D are perspective views ol structures of
stacked structures according to various embodiments of the
present invention. Various isulating layers 1solating different
regions and layers from one another are not shown 1n order to
simplity the drawings.

FIG. SA illustrates a stacked structure with U-shaped chan-
nel layers and memory cells.

As 1llustrated 1in FIG. 5A, the stacked structure ST may
include a pipe gate PG, word lines WL, drain selection lines
DSL and source selection lines SSL that are stacked over a
substrate SUB. The word lines WL and the drain and source
selection lines DSL and SSL may have linear shapes extend-
ing in a first direction I-I'.

The stacked structure ST may further include channel lay-
ers CH that have a U shape and may be positioned along the
first direction I-I' and along the second direction II-II' that 1s
perpendicular to the first direction I-I'. Each channel layer CH
may include a pipe channel layer portion P_CH that may be
formed 1n the pipe gate PG and may laterally extend along the
I-I' direction. Each channel layer CH may also include verti-
cally extending source-side and drain-side channel layer por-
tions S_CH and D_CH that are coupled to the pipe channel
layer portion P_CH.

In addition, the stacked structure ST may further include
memory layers (not illustrated) interposed between the
U-shaped channel layers CH and word lines WL. Each
memory layer may include a tunnel msulating layer, a charge
storing layer and a charge blocking layer. In addition, the
charge storing layer may include a trap layer such as a nitride
layer, a tloating gate formed of a polysilicon layer or the like,
or nanodots.

The stacked structure ST 15 coupled to source lines SL and
bit lines BL. For example, the source-side channel layer por-
tions S_CH are coupled to the source line SL extending along
the first direction I-I', and the drain-side channel layer por-
tions D_CH are coupled to the bit lines BL extending along
the second direction II-1I'.

According to the above-described structure, drain selection
transistors DST are formed at the intersections of the channel
layers CH and the drain selection lines DSL, source selection
transistors SST are formed at the intersections between the
channel layers CH and the source selection lines SSL, and
memory cells MC are formed at the intersections between the
channel layers CH and the word lines WL.

In addition, at least one drain selection transistor, a number
of memory cells, and at least one source selection transistor
that are coupled 1n series with each other form a memory

string. A number ol memory strings each having a U shape are
thus formed.

Though not illustrated in F1G. 5A, end portions of the word
lines WL, the drain selection lines DSL and the source selec-
tion lines SSL form a stepped sidewall. A contact region 1s
defined along the stepped sidewall of the stacked structure ST
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where the word lines WL, the drain selection lines DSL and
the source selection lines SSL are contacted by interconnect
lines.

FIG. 5B illustrates a stacked structure with vertically
extending channel layers and memory cells.

As 1llustrated in FIG. 5B, the stacked structure ST may
include a lower selection line LSL, word lines WL and upper
selection lines USL that may be sequentially stacked over a
substrate SUB 1n which a sourceregion S may be formed. The
lower selection line LSL and the word lines WL may be
shaped like plates. The upper selection lines USL may have
linear shapes extending along the first direction I-T'.

The stacked structure ST may further include vertical chan-
nel layers CH arranged along both the first direction I-I' and
the second direction II-II'. The vertical channel layers CH
may be coupled at a lower end to the source region in the
substrate SUB, and extend through the lower selection line
LLSL, the word lines WL and the upper selection lines USL. In
addition, the stacked structure ST includes memory layers
(not 1llustrated) interposed between the vertical channel lay-
ers CH and the word lines WL.

The stacked structure ST may be coupled to bit lines BL.
For example, the channel layers CH may be coupled at an
upper end to the bit lines BL extending along the second
direction II-1I".

According to the above-described structure, at least one
lower selection transistor, memory cells located directly
above the lower selection transistor, and at least one upper
selection transistor that are coupled in series with each other
along the vertical dimension form a single vertical memory
string.

FI1G. 5C illustrates a stacked structure with vertical channel
layers and memory cells.

As 1llustrated in FIG. 5C, a stacked structure ST may
include source layers S1 to S3, lower selection lines LSL,
word lines WL and upper selection lines USL that may be
sequentially stacked. The source layers S1 to S3 may include
a first source layer S1 formed over a substrate SUB, one or
more second source layer S2 formed 1n the first source layer
S1, and third source layers S3 formed in the second source
layers S2. The third source layers S3 may penetrate the sec-
ond source layers S2 to couple to the first source layer S1.
Thus, the first to third source layers S1 to S3 are connected to
cach other and function as a single source layer. For example,
cach of the first and second source layers S1 and S2 may
include a polysilicon layer, and the third source layer S3 may
include a metal layer. In this case, the third source layer S3
having a relatively small resistance may act as a main source
layer, so that source resistance may be reduced.

The stacked structure ST may further include vertically
extending channel layers CH arranged 1n both the first direc-
tion I-I' and the second direction II-IT'. The vertical channel
layers CH may be formed integrally with the second source
layer S2. In addition, the vertical channel layers CH may be
coupled at a lower end to the second source layer S2 and
extend vertically through the lower selection line LSL, the
word lines WL and the upper selection line USL. In addition,
the stacked structure ST may further include memory layers
(not illustrated) that surround outer surfaces of the vertical
channel layers CH and the second source layer S2.

The stacked structure ST may be coupled to bit lines BL.
For example, the vertical channel layers CH may be coupled
at an upper end to the bit lines BL extending along the second
direction II-1I".

According to the above-described structure, at least one
lower selection transistor, memory cells located directly
above the lower selection transistor, and at least one upper
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selection transistor that are coupled 1n series with each other
along the vertical dimension form a single vertical memory
string.

FIG. 5D 1llustrates a stacked structure with vertical channel
layers and memory cells.

As 1llustrated 1n FIG. 5D, a stacked structure ST may
include an interlayer msulating layer ILD, lower selection
lines LSL, word lines WL and upper selection lines USL that
are sequentially stacked. The stacked structure ST may
include one or more first source layers S1 formed in the
interlayer msulating layer ILD and second source layers S2
formed 1n the first source layers S1. Thus, the first and second
source layers S1 and S2 are connected to each other and
function as a single source layer. For example, the first source
layer S1 may include a polysilicon layer, and the second
source layer S2 may include a metal layer. In this case, the
second source layer S2 having a relatively small resistance
may act as a main source layer, so that source resistance may
be reduced.

The stacked structure ST may further include vertical chan-
nel layers CH that are arranged along both the first direction
I-I' and the second direction II-1I'. The vertical channel layers
CH may couple at a lower end to the first source layer S1 and
vertically extend through the lower selection lines LSL, the
word lines WL and the upper selection lines USL. In addition,
the stacked structure ST may further include memory layers
(not 1llustrated) that surround outer surfaces of the channel
layers CH and the first source layers S1.

The stacked structure ST may be coupled to the bit lines
BL. For example, the vertical channel layers CH may be
coupled at an upper end to the bit lines BL extending along the
second direction II-1I'.

In FIG. 5D, the first source layer S1 completely surrounds
a bottom surface of the second source layer S2. However, a
portion of the bottom surface of the second source layer S2
may protrude through the first source layer S1.

According to the above-described structure, at least one
lower selection transistor, memory cells located directly
above the lower selection transistor, and at least one upper
selection transistor that are coupled 1n series with each other
along the vertical dimension form a single vertical memory
string.

FIGS. 6A to 6E are cross-sectional views of various cell
structures that can be integrated with the semiconductor

devices according to the embodiments of the present mnven-
tion described above.

As 1llustrated 1n FIG. 6 A, memory cells MC include a
vertical channel layer CH, a tunnel insulating layer 71 sur-
rounding the vertical channel layer CH, a charge storing layer
72 surrounding the tunnel mnsulating layer 71 and a charge
blocking layer 73 surrounding the charge storing layer 72.
The charge storing layer 72 may include a polysilicon layer
that can store and emit charge, a nitride layer that can trap and
emit charge, and/or nanodots.

A method of manufacturing the memory cell MC 1n FIG.
4 A 1s described 1n brief. One or more sacrificial layers and one
or more interlayer insulating layers are alternately formed.
The sacrificial layers and the interlayer insulating layers are
etched to form a channel hole H. The charge blocking layer
73, the charge storing layer 72 and the tunnel insulating layer
71 are formed along the inner surfaces of the channel hole H.
Subsequently, a vertical channel layer CH 1s formed in the
channel hole H. The sacrificial layers and the interlayer 1nsu-
lating layers are partially etched to form at least one slit (not
illustrated). The sacrificial layers exposed through the slit are
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ctched to form first recessed regions. The first recessed
regions are filled with conductive layers to form word lines
WL.

In an alternate embodiment, according to the structure
illustrated 1n FIG. 5B, the charge blocking layer 73, the
charge storing layer 72 and the tunnel msulating layer 71
tormed along the bottom of the channel hole H are etched to
expose the source region S on the bottom of the channel hole
H. Subsequently, the vertical channel layer CH 1s formed 1n
the channel hole H. Here, a protective layer (not 1llustrated)
may be additionally formed on the vertically-extending por-
tions of the tunnel 1insulating layer 71 before removing layers
71, 72, 73 from the bottom of the channel hole H. The pro-
tective layer may protect the tunnel insulating layer 71 from
damage during the process of etching the charge blocking
layer 73, the charge storing layer 72 and the tunnel insulating
layer 71 from the bottom of the channel hole H. In addition,
FIG. 6 A 1llustrates that the channel hole H 1s completely filled
with the vertical channel layer CH. However, the vertical
channel layer CH may have a tubular shape with an open
central portion that may be filled with an msulating layer. In
the embodiment with U-shaped channel layers CH (e.g., FI1G.
2A), the charge blocking layer 73, the charge storing layer 72
and the tunnel insulating layer 71 formed along inner surfaces
of the vertical channel holes and the lateral pipe holes may be
left intact prior to forming the channel layer CH 1n the vertical
channel holes and the pipe channel holes.

One or more conductive layers and one or more sacrificial
layers may be alternately formed instead of the sacrificial
layers and the interlayer insulating layers. In this case, after
the slit 1s formed, the conductive layers exposed through the
slit may be silicided. As illustrated 1n FIG. 6B, the memory
cells MC 1nclude the vertical channel layer CH, the tunnel
insulating layer 71 surrounding the vertical channel layer CH,
the charge storing layer 72 surrounding the tunnel insulating,
layer 71 and charge blocking layers 73. The charge blocking
layers 73 are interposed between the charge storing layer 72
and word lines WL. In addition, each of the charge blocking
layers 73 surrounds top and bottom surfaces of a correspond-
ing one of the word lines WL.

A method of manufacturing the memory cell MC 1n FIG.
6B 1s described 1n brief. One or more sacrificial layers and one
or more 1interlayver insulating layers that are alternately
stacked are etched to form the channel hole H. The charge
storing layer 72 and the tunnel mnsulating layer 71 are formed
along the inner surfaces of the channel hole H. The vertical
channel layer CH 1s formed on the tunnel insulating layer 71.
The sacnificial layers and the interlayer insulating layers are
partially etched to form at least one slit. The sacrificial layers
exposed through the slit are etched to form first recessed
regions. Subsequently, charge blocking layers 73 are formed
along inner surfaces of the first recessed regions, and then the
word lines WL are formed in the first recessed regions by
filling the first recessed regions with conductive layers.

In an alternate embodiment, a first charge blocking layer
(not illustrated), the charge storing layer 72 and the tunnel
insulating layer 71 may be formed along the 1nner surfaces of
the hole H before the vertical channel layer CH 1s formed, and
a second charge blocking layer 73 may be formed along inner
surfaces ol the first recessed regions betore the word lines WL
are formed. In this case, before the second charge blocking
layer 73 1s formed, the first charge blocking layer exposed 1n
the first recessed regions may be removed.

As illustrated 1in FIG. 6C, the memory cells MC include the
vertical channel layer CH, the tunnel isulating layers 71
intermittently surrounding the vertical channel layer CH,
charge storing layers 72 intermittently surrounding the tunnel
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insulating layers 71, and the charge blocking layers 73 inter-
mittently surrounding the charge storing layers 72. The tunnel
insulating layers 71, the charge storing layers 72 and the
charge blocking layers 73 are interposed between the vertical
channel layer CH and the word lines WL. Therefore, the
charge storing layers 72 of the stacked memory cells MC are
physically separated from each other, thereby preventing
movement of charges between the memory cells MC.

A method of manufacturing the memory cell MC 1n FIG.
6C 1s described 1n brief. One or more conductive layers and
one or more sacrificial layers are alternately formed. The
alternately stacked conductive layers and sacrificial layers are
ctched to form the channel hole H. The charge blocking layer
73, the charge storing layer 72 and the tunnel insulating layer
71 are formed along the 1nner surfaces of the channel hole H.
Subsequently, the vertical channel layer CH 1s formed 1n the
hole H. The conductive layers and the sacrificial layers are
ctched to form at least one slit. The sacrificial layers exposed
through the slit are etched to form second recessed regions.
After the charge blocking layer 73, the charge storing layer 72
and the tunnel insulating layer 71 exposed in the second
recessed regions are etched, msulating layers are formed in
the second recessed regions.

As 1llustrated 1n FIG. 6D, the memory cells MC include the
vertical channel layer CH, the tunnel mnsulating layer 71 sur-
rounding the vertical channel layer CH, the charge storing
layers 72 and the charge blocking layers 73. The charge
storing layers 72 intermittently surround the tunnel insulating
layer 71 and are interposed between the tunnel insulating
layer 71 and the word lines WL. The charge blocking layers
73 are interposed between the charge storing layers 72 and the
word lines WL and surround top and bottom surfaces of the
word lines WL. Therefore, the charge storing layers 72 of the
memory cells MC are physically separated from each other,
thereby preventing movement of charges between the
memory cells MC.

A method of manufacturing the memory cell MC in FIG.
6D 1s described 1n brief. One or more sacrificial layers and one
or more interlayer insulating layers that are alternately
stacked are etched to form the channel hole H. The sacrificial
layers exposed through the channel hole H are etched to form
firstrecessed regions. The charge storing layers 72 are formed
in the first recessed regions. After the tunnel insulating layer
71 1s formed along the 1nner surfaces of the channel hole H,
the vertical channel layer CH 1s formed thereon. The sacrifi-
cial layers and the interlayer isulating layers are etched to
form at least one slit, and the sacrificial layers exposed
through the slit are etched to form second recessed regions.
After the charge blocking layers 73 are formed along inner
surfaces of the second recessed regions, the word lines WL
are formed 1n the second recessed regions by filling the sec-
ond recessed regions with conductive layers. Therefore, the
charge storing layers 72 of the stacked memory cells MC are
physically separated from each other, thereby preventing
movement of charges between the memory cells MC.

As 1llustrated in FIG. 6E, the memory cells MC include the
vertical channel layer CH, the tunnel insulating layer 71 sur-
rounding the vertical channel layer CH, the charge storing
layers 72 and the charge blocking layer 73. The charge storing
layers 72 mtermittently surround the tunnel mnsulating layer
71 and are 1interposed between the tunnel insulating layer 71
and the word lines WL. The charge blocking layer 73 sur-
round the charge storing layers 72 and the tunnel insulating
layer 71. Therefore, the charge storing layers 72 of the
memory cells MC are physically separated from each other,
thereby preventing movement of charges between the
memory cells MC.
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A method of manufacturing the memory cell MC 1n FIG.
6F 1s described in brief. One or more sacrificial layers and one
or more interlayer insulating layers that are alternately
stacked are etched to form the channel hole H. The sacrificial
layers exposed through the channel hole H are etched to form
first recessed regions. The charge blocking layer 73 1s formed
along the 1mner surfaces of the channel hole H and the first
recessed regions. Subsequently, the charge storing layers 72
are formed 1n the first recessed regions over the charge block-
ing layer 73. After the tunnel mnsulating layer 71 1s formed
along the inner surfaces of the channel hole H, the vertical
channel layer CH 1s formed thereon. The sacrificial layers and
the interlayer msulating layers are etched to form at least one
slit. The sacrificial layers exposed through the slit are etched
to form second recessed regions. The second recessed regions
are filled with conductive layers to form the word lines WL.
Therefore, the charge storing layers 72 of the stacked memory
cells MC are physically separated from each other, thereby
preventing movement of charges between the memory cells
MC.

FI1G. 7A 1s a perspective view of stacked structures accord-
ing to an embodiment of the present invention, and FIG. 7B 1s
a cross-sectional views of drain selection transistor. Specifi-
cally, FIGS. 7A and 7B illustrate stacked structures with
horizontally extending channel layers and memory cells.

As 1llustrated 1n FIGS. 7A and 7B, stacked structures ST
may have linear shapes extending along the first direction I-I'
and may include horizontally extending channel layers CH
and 1interlayer insulating layers ILD that are alternately
stacked on top of one another. In addition, the stacked struc-
tures ST may further include conductive lines extending
around the stacked structure ST. The conductive lines wrap
around the sides of the stacked structures ST and extend along
the second direction II-II'. In addition, the conductive lines
extending around the stacked structure ST may include word
lines WL, at least one source selection line SSL and at least
one source line SL. The stacked structure ST may further
include memory layers (not illustrated) that are interposed
between the stacked structure and each of the word lines WL
and the source selection lines SSL, while the source line SL
makes direct contact with channel layers CH.

An end region of each stacked structure ST may have a
stepped sidewall where a contact region 1s formed. First con-
tact plugs CT1 may be formed in the contact region so that
cach contact plug CT1 may couple one of the horizontal
channel layers CH to a corresponding one of the drain selec-
tion lines DSL.

According to the above-described structure, at least one
drain selection transistor (formed at the intersection of one of
the first contact plugs CT1 and a corresponding one of the
drain selection lines DSL), memory cells associated with a
corresponding channel layer CH, and at least one source
selection transistor (formed where source selection line SSL
crosses over the corresponding channel layer CH) form a
single horizontal memory string. In addition, each drain
selection transistor DST includes a gate insulating layer GI
surrounding the channel layer and has a gate all-around struc-
ture (GAA) in which an entire surface of the channel layer 1s
surrounded by a gate electrode.

A method of manufacturing the stacked structure ST and
the conductive lines 1s described below 1n brief. One or more
semiconductor layers and one or more interlayer insulating
layers are alternately formed one on top of the other. The
semiconductor layers and the interlayer insulating layers that
are alternately formed are patterned and etched into linear
shapes extending in one direction, so that multiple stacked
structures are formed. Subsequently, memory layers are
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formed on entire surfaces of the multiple stacked structures,
and conductive layers are formed on the memory layers. The
conductive layers and the memory layers are then etched to
form one or more conductive lines. The conductive lines wrap
around the sides of the stacked structures with the memory
layers interposed therebetween, and extend in the II-1I' direc-
tion.

FIGS. 8A to 8C are perspective views of stacked structures
according to an embodiment of the present invention. Spe-
cifically, FIGS. 8A to 8C 1illustrate a stacked structure with
vertical electrode layers and memory cells.

As illustrated 1n FIGS. 8 A and 8B, a first stacked structure
ST1 includes one or more first word lines WL1 and one or
more interlayer insulating layers ILD that are alternately
stacked on top of one another over a substrate SUB. A second
stacked structure ST2 includes one or more second word lines
WL2 and one or more interlayer insulating layers ILD that are
alternately stacked on top one another. In addition, vertical
clectrode layers V_E arranged along both the first direction
I-I' and the second direction II-1I' are located between the first
and second stacked structures ST1 and ST2.

The first and second word lines WL1 and WL2 are of a
finger-shaped word lines. In addition, each of the first and
second word lines WL1 and WL2 includes first line patterns
[LP1 and second line pattern LP2. The first line patterns LP1
extend 1n the second direction II-II', and the second line
patterns LP2 couple the first line patterns LP1 and extend in
the first direction I-I'. In addition, the first line patterns LP1 of
the first word line WL1 and the first line patterns LP1 of the
second word line WL2 are alternately arranged. In addition,
the vertical electrode layers V_FE are located between the first
line patterns LLP1 of the first word line WL1 and the first line
patterns LP1 of the second word line WL 2 that are alternately
arranged.

The first and second stacked structures ST1 and ST2 may
turther include memory layers M that surround the vertical
clectrode layers V_E. The memory layers M may be formed
of variable resistance materials. For example, the variable
resistance materials may include perovskite-based materials,
chalcogenide-based materials, oxygen-deficient metal

oxides, or metal sulfides. The perovskite-based materials may
include Sr1i10 (STO) or PrCaMnO (PCMO). The chalco-
genide-based materials may include GeSbTe (GST), GeSe,
CuS, or AgGe. The transition metal oxides may include N10O,
T10,, H1O, Nb,O., ZnO, ZrO,, WO,, CoO, or MnO,. The
metal sulfides may include Cu,S, CdS, or ZnS.

As 1llustrated 1n FI1G. 8C, each memory cell MC includes
the vertical electrode V_E, first and second word lines WL1
and WL2 extending in a direction crossing the vertical elec-
trode V_E, and the memory layer M interposed between the
vertical electrode V_FE and the word lines WL1 and WL2. The
vertical electrode V_E 1s located between the first word line
WL1 and the second word line WL2. According to the above-
described structure of the semiconductor device, a desired
memory cell can be accessed by selecting one of the first and
second word lines WL1 and WL2 on the same layer and
selecting the vertical electrode V_E. In addition, the semicon-
ductor device includes a plurallty of memory cells stacked
along the vertical electrode V_E.

A method of manufacturmg the first and second stacked
structures ST1 and ST2 1s described below.

One or more conductive layers and one or more interlayer
insulating layers are alternately formed one on top of the other
over the substrate SUB. Subsequently, the conductive layers
and the interlayer insulating layers are etched to form
trenches T. After the memory layers M are formed in the

trenches T, the memory layers M are etched to form one or
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more electrode holes H. Conductive layers are formed 1n the
clectrode holes H to form the vertical electrode layers V_E.
The conductive layers and the interlayer insulating layers that
are alternately stacked are etched to form finger-type first and
second stacked structures ST1 and ST2.

FIG. 9 15 a block diagram showing the configuration of a
memory system according to an embodiment of the present
invention.

As illustrated 1n FI1G. 9, amemory system 100 according to
an embodiment of the present invention includes a non-vola-
tile memory device 120 and a memory controller 110.

The non-volatile memory device 120 has the structure
described above 1n the first to fifth embodiments. In addition,
the non-volatile memory device 120 may be a multi-chip
package composed of a plurality of flash memory chips.

The memory controller 110 1s configured to control the
non-volatile memory device 120. The memory controller 110
may include SRAM 111, a CPU 112, a host interface 113, an
ECC 114 and a memory mnterface 115. The SRAM 111 func-
tions as an operation memory of the CPU 112. The CPU 112
performs the general control operation for data exchange of
the memory controller 110. The host interface 113 includes a
data exchange protocol of a host being coupled to the memory
system 100. In addition, the ECC 114 may detect and correct
errors mcluded 1n a data read from the non-volatile memory
device 120. The memory interface 115 interfaces with the
non-volatile memory device 120. The memory controller 110
may further include RCM that stores code data to interface
with the host.

The memory system 100 having the above-described con-
figuration may be a solid state disk (SSD) or a memory card
in which the memory device 120 and the memory controller
110 are combined. For example, when the memory system
100 1s an SSD, the memory controller 110 may communicate
with the outside (e.g., a host) through one of the interface
protocols including USB, MMC, PCI-E, SATA, PATA, SCSI,
ESDI and IDE.

FI1G. 10 1s a block diagram showing the configuration of a
computing system according to an embodiment of the present
invention.

As 1llustrated 1n FI1G. 10, a computing system 200 accord-
ing to an embodiment of the present invention may include a
CPU 220, RAM 230, a user interface 240, a modem 250 and
a memory system 210 that are electrically coupled to a system
bus 260. In addition, when the computing system 200 1s a
mobile device, a battery may be further included to apply
operating voltage to the computing system 200. The comput-
ing system 200 may further include application chipsets, a
Camera Image Processor (CIS) and mobile DRAM.

As described above with reference to FIG. 9, the memory
system 210 may include a non-volatile memory 212 and a
memory controller 211.

According to an embodiment of the present ivention, a
peripheral region 1s located above a cell region, so that a
semiconductor device with a high degree of integration may
be obtained. In addition, since transistors in the peripheral
region 1s formed after a memory cell forming process that
requires a high temperature process 1s performed, process
temperature 1s not limited when memory cells are formed.

In this specification, various stacked structures have been
described with reference to the accompanying drawings.
However, they are provided for 1llustration purposes, and the
invention 1s not limited thereto. The present invention 1is
applicable to any semiconductor device including various
stacked structures.

While the present invention has been particularly shown
and described with reference to exemplary embodiments

5

10

15

20

25

30

35

40

45

50

55

60

65

16

thereof, 1t will be understood by those of ordinary skill in the
art that various changes 1n form and details may be made
therein without departing from the spirit and scope of the
present invention.

What 1s claimed 1s:

1. A semiconductor memory device, comprising:

a first substrate on which a cell region 1s defined;

a memory string located at the cell region and including at
least one drain selection transistor, a number of memory
cells, and at least one source selection transistor that are
coupled 1n series with each other, wherein the memory
cells are stacked on top of one another;

first contact plugs coupled to the at least one drain selection
transistor, the memory cells and the at least one source
selection transistor;

a first interlayer insulating layer located above the first
substrate including the memory string;

a second 1nterlayer insulating layer located above the first
interlayer isulating layer;

a second substrate located above the second interlayer
insulating layer, wherein a peripheral region 1s defined
on the second substrate:

first conductive lines coupled to the first contact plugs and
located under the second substrate;

second conductive lines located above the second sub-
strate; and

second contact plugs passing through the first interlayer
insulating layer, the second interlayer insulating layer
and the second substrate to couple the first conductive
lines and the second conductive lines to each other.

2. The semiconductor device of claim 1, wherein the sec-

ond conductive lines extend above the second substrate.

3. The semiconductor device of claim 1, further compris-
ng:

at least one transistor formed on the second substrate; and

at least one third conductive line coupled to transistors
formed 1n the peripheral region, wherein the at least one
third conductive line 1s located above the second sub-
strate.

4. The semiconductor device of claim 1, further compris-

ng:

a stacked structure formed in the cell region over the first
substrate and including a plurality of first material layers
and a plurality of second material layers stacked alter-
nately on top of one another.

5. The semiconductor device of claim 4, wherein the plu-
rality of first maternial layers comprises a conductive layer or
a semiconductor layer, and the plurality of second material
layers comprises an insulating layer.

6. The semiconductor device of claim 1, wherein the
memory string comprises:

a pipe gate located on the first substrate;

word lines stacked on the pipe gate;

drain selection lines and source selection lines stacked on
the word lines; and

channel layers, each including a pipe channel layer portion
formed 1n the pipe gate and source-side and drain-side
channel layer portions coupled to the pipe channel layer
portion.

7. The semiconductor device of claim 1, wherein the

memory string comprises:

a first source layer located over the first substrate;

one or more second source layers formed 1n the first source
layer;

third source layers formed 1n the second source layers and
penetrating the second source layers to be coupled to the
first source layer;
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a source selection line, word lines and a drain selection line
stacked on the first source layer including the second and
third source layers; and

channel layers coupled at a lower end to the second source
layers and extending through the source selection line,
the word lines and the drain selection line.

8. The semiconductor device of claim 1, wherein the

memory string comprises:

a third interlayer insulating layer located over the first
substrate;

one or more first source layers formed in the third interlayer
insulating layer;

second source layers formed 1n the first source layers and
connected to the first source layers;

a source selection line, word lines and a drain selection line
stacked on the third interlayer insulating layer including,
the first and second source layers; and

channel layers coupled at a lower end to the first source
layer and extending through the lower selection line, the
word lines and the upper selection line.

9. The semiconductor device of claim 1, wherein the

memory string comprises:

a first stacked structure including one or more first word
lines and one or more third interlayer insulating layers
that are alternately stacked on top of one another over the
first substrate;

a second stacked structure including one or more second
word lines and one or more fourth interlayer insulating
layers that are alternately stacked on top of one another;
and

vertical electrode layers located between the first and sec-
ond stacked structures.

10. The semiconductor device of claim 9, wherein each of

the first and second word lines comprises:

first line patterns; and

a second line pattern coupled to the first line patterns and
crossing the first line patterns,

wherein the first line patterns of the first word lines and the
first line patterns of the second word lines are alternately
arranged, so that the vertical electrode layers are located
between the first line patterns of the first word lines and
the first line patterns of the second word lines.

11. The semiconductor device of claim 1, wherein a top
surface of the first interlayer insulating layer 1s hydrophilic
treated and a bottom surface of the second 1nterlayer insulat-
ing layer 1s hydrophilic treated, and

wherein a bonded interface exists between the hydrophilic
treated top surface of the first msulating layer and the
hydrophilic treated bottom surface of the second inter-
layer insulating layer.

12. The semiconductor device of claim 1, wherein the first

conductive lines are located within the first interlayer insu-
lating layer.
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13. A semiconductor memory device, comprising:

a first substrate having a memory cell region in which a
plurality of memory cells 1s disposed;

a stacked structure formed 1n the memory cell region of the
first substrate and including a plurality of first material
layers and a plurality of second material layers stacked
alternately on top of one another, wherein the stacked
structure includes a stepped sidewall where a contact
region 1s formed;

a second substrate having a peripheral region, the periph-
eral region comprising circuitry configured to interface
with the plurality of memory cells;

an interlayer isulating layer interposed between the first
substrate and the second substrate;

first contact plugs coupled to the contact region of the first
maternal layers;

first conductive lines coupled to the first contact plugs,
respectively, and located under the second substrate;

second conductive lines located above the second sub-
strate; and

second contact plugs passing through the interlayer 1nsu-
lating layer and the second substrate to couple the first
conductive lines and the second conductive lines to each
other,

wherein the first and second substrates are non-contiguous.

14. The semiconductor memory device of claim 13,
wherein the first and second substrates are positioned at two
different planes.

15. The semiconductor memory device of claim 13,
wherein the memory cell region 1s formed along a top surtace
of the first substrate, the peripheral region 1s formed along a
top surface of the second substrate, and the first and second
substrates are coupled together with the second substrate
located directly over the first substrate such that a bottom
surface ol the second substrate faces the top surface of the first
substrate.

16. The semiconductor device of claim 13, wherein the
plurality of first matenial layers comprises a conductive layer
or a semiconductor layer, and the plurality of second material
layers comprises an insulating layer.

17. The semiconductor device of claim 13, wherein the
stacked structure comprises:

channel layers and third interlayer insulating layers that are
alternately stacked on top of one another; and

word lines, at least one source selection line and at least one
source line crossing the stacked structures and wrapped
around the sides of the stacked structures,

wherein each of the first contact plugs 1s coupled to each of
the channel layers and the first conductive lines are

drain selection lines coupled to the channel layers through
the first contact plugs.
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